The most important plant species employed in reforestation programs depend on ectomycorrhizal fungi for their establishment and growth. The exploitation of this symbiosis to improve forest productivity requires fungal inoculants in a large scale level. To develop such a technology it is necessary to define the optimal composition of the culture medium for each fungus. With these objectives in mind, the effect of the composition of the culture medium on biomass production of the ectomycorrhizal fungus Pisolithus microcarpus (isolate UFSC-Pt116) was studied. The original composition of two culture media, already employed for cultivation of ectomycorrhizal fungi, was submitted to several variations with the C/N ratio as the main variable. A variation of the Pridham-Gottlieb medium was the most efficient for the production of biomass. Therefore, it was submitted to a factorial assay where glucose, peptone and yeast extract components were the factors analyzed. Results showed that the glucose concentration may be increased up to 40 % in order to promote higher biomass production. Peptone had a positive effect on this variable, whereas yeast extract promoted a deleterious effect. These results indicate that it is advisable to eliminate yeast extract from the medium and replace it with peptone prior to use.
INTRODUCTION
The ectomycorrhizal symbiosis is an important factor for the survival and growth of many forest trees. The predominance of positive effects of this symbiosis in the establishment and growth of forest plants demonstrates that ectomycorrhizal inoculation is a valuable tool for plant production in forestry (7, 19) . Species of the ectomycorrhizal genus Pisolithus are among those most studied concerning the effects on plant growth. The species of that genus are relatively easy to cultivate in laboratory and are able to adapt to many soil and environmental conditions, hence their frequent utilization in the inoculation of seedlings in reforestation programs (13, 14) . N directly from proteins is an important trait since this is the most abundant form of N available in temperate forest soils due to the low mineralization rates in these ecosystems (1) .
However, the capacity to utilize organic N in culture does not necessarily imply that the microorganism is able to do the same in natural conditions, where proteins may be linked to complex chemical compounds such as polyphenols.
The balance between carbon and organic nitrogen sources may also contribute to controlling the pH and hence to increasing productivity of the culture. Smith (18) optimized the biomass production of P. tinctorius in Modified MelinNorkrans (MMN) medium, developed by Marx (12) , with an equimolar solution of citric acid and calcium citrate (pH 5.4) before sterilization. The Pridham-Gottlieb (PG) medium, used by Litchfield and Arthur (11) and Kuek (10) The inoculant production of ectomycorrhizal fungi demands that studies have to be undertaken to determine the nutritional requirements of these organisms before their massive cultivation in bioreactors and inoculation in forest plants take place. Another important factor to be studied concerns the maximum biomass concentration in the bioreactor in order to establish the initial level of nutrients to achieve such production. This depends on the fungus morphology during growth and on the hydrodynamic and oxygen transfer in the bioreactor system (16) . Most studies on cultivation of ECM were performed in small flask scale, and only very few involved large scale inoculant production. In order to help the establishment of inoculant production methods, this study aims to test some modifications of MMN and PG media for the cultivation of the ectomycorrhizal fungus Pisolithus microcarpus, one of the ectomycorrhizal fungi frequently recorded in Eucalyptus plantations in southern Brazil (8) .
MATERIAL AND METHODS

Fungal isolate
The ectomycorrhizal fungus Pisolithus microcarpus (Cooke and Massee) G. Cunn., isolate UFSC-Pt116, was employed in this study. This fungus was isolated from 
Culture media
Modifications of two culture media were utilized as basal media. These media were MMN (modified Melin-Norkrans) (12) , and Pridham-Gottlieb modified by Kuek (10) , which will 
Analytical procedures
The amount of residual glucose was determined through an enzymatic technique called GOD (glucose oxidase), by employing the reagent EnzColor from Biodiagnóstica Indústria Química Clínica Ltda. Biomass was estimated after drying the mycelium at 75 °C for a period of 48 hours, and the pH was determined conventionally. All samples represented the total content of each flask.
Effect of the medium composition on the growth of
Pisolithus microcarpus
Different modifications on the composition of the culture media (Table 1) were tested in order to obtain preliminary information about the nutritional requirements of the fungus.
Two assays were performed and the fungus was cultivated in the different media and incubated as described above. Table 2 . 
Values indicated by different letters are significantly different according to Fisher' s LSD test (p≤ 0.05).
Comparing the results after 10 days of cultivation ( Figure   1a ) to those after 25 days (Figure 1b) , it is possible to notice that all treatments containing YE presented lower biomass production after 10 days. However, after this period there was a recovery of the production rate, which suggests an adjustment of the fungus to the medium conditions. A lag phase is not Among the new formulations studied, the PGK medium and its variation (PGKM) were those that promoted glucose exhaustion by the fungus (Figure 3) , reaching a final pH of 2.7.
Cultivation time length was 12 days, which is considered enough for the total uptake of glucose from both media, and has ensured productivity of 0.50 g.L -1 .day -1 , higher than that observed in any other formulation based on MMN medium. Several treatments promoted significant changes in the color of the media during the cultivation. Such changes are evidence of differences in terms of metabolite production, but they did not present a direct relationship with biomass production, even though the treatments presenting most intense visual pigmentation were also those with lower biomass values.
We have also observed that pigmentation of the culturemedium may occur as a result of fungal growth itself. However, presence of pigmentation could indicate limitations inherent to growing conditions. Thus, the MMN medium was considered unbalanced for cultivation of the fungus, hence not convenient for cultivation procedures whose goals are high biomass production.
However, this medium seems to be appropriate for the maintenance of fungal cultures. Its high C/N ratio and slower growth will contribute to reducing both the frequency of subculturing and the costs related to this process. On the other hand, the PGK medium showed high efficiency for biomass production of the ectomycorrhizal fungi, but further studies are necessary in order to improve its composition.
Improvement of the culture medium through a factorial design
The objective of this experiment was to study variations in the formulation of the PGK medium, in order to maintain high Although the concentration of glucose (GL) presented no effect on substrate conversion (y), results showed that it is possible to increase biomass production by increasing the Growth of P. microcarpus amount of this component up to 40 % without reducing the conversion.
The addition of peptone (PP) has shown a favorable effect on substrate conversion (y) (Figure 4) . Results indicated that the highest levels of peptone had a tendency to increase this conversion, and this effect was even higher when addition of peptone was combined to the smallest amounts of yeast extract (YE) ( Table 2) . Yeast extract has shown a negative effect on substrate conversion, which was also observed in the MMN medium in the formulations containing the highest amounts of yeast extract in the first 10 hours of cultivation ( Figure 1a ).
An ANOVA 
CONCLUSIONS
PGK medium is more efficient than MMN to promote biomass accumulation of the ectomycorrhizal fungus Pisolithus microcarpus. The presence of peptone in the former medium seems to be the factor which most contributed to that effect due to its rich nutritive composition and more efficient pH buffering. Yeast extract, on the other hand, may be eliminated or replaced by a higher amount of peptone, which will contribute to reducing media costs. Glucose concentration may be increased up to 40 %, promoting significant increase on biomass production without causing any limitation of other nutrients. This variation of the PGK medium may be potentially employed in studies of ectomycorrhizal inoculant production in bioreactor.
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